, again in a double-blind trial using the same dose in bronchitic patients, was unable to find any significant change in sputum volume, viscosity, or ventilatory capacity. In a pilot study we, too, were unable to find any significant change in these measurements in chronic bronchitics given the same dose; but later we were able to show expectorant properties of the drug in higher dosage. We report here the result of a double-blind between-patient study of the effect of bromhexine in a dose of 16 mg. thrice daily in bronchitic patients.
Introduction
Bromhexine is a synthetic derivative of vasicine, an alkaloid derived from a plant. Abhatoda vasica, which when taken by mouth has been shown to increase the volume and reduce the viscosity of bronchial secretion in animals, most likely by depolymerization of the high-molecular-weight mucopolysaccharide-protein fibres (Engelhorn and Puschmann, 1963; Boyd and Sheppard, 1966) . Controlled clinical trials in chronic bronchitic subjects in this country have yielded conflicting results. Thus, while Gent et al. (1969) found in a double-blind clinical trial that significantly more patients improved in ventilatory capacity when taking bromhexine, 8 mg. thrice daily by mouth, than with a placebo, Langlands (1970) , again in a double-blind trial using the same dose in bronchitic patients, was unable to find any significant change in sputum volume, viscosity, or ventilatory capacity. In a pilot study we, too, were unable to find any significant change in these measurements in chronic bronchitics given the same dose; but later we were able to show expectorant properties of the drug in higher dosage. We report here the result of a double-blind between-patient study of the effect of bromhexine in a dose of 16 mg. thrice daily in bronchitic patients.
Patients and Methods
Twenty-five inpatients recovering from an exacerbation of chronic bronchitis with mucoid sputum were admitted to the trial. They were adults of both sexes, their mean age was 53.2 ± 8.9 years, and they all were or had been heavy cigarette smokers. They took either bromhexine 16 mg. thrice daily or identical placebo tablets by mouth for 11 days according to a double-blind randomization scheme. Neither the patients nor the investigators knew whether active or control tablets were being taken. Any other treatment was continued except for cough suppressants and expectorants.
Various measurements were made on the day before the trial started, daily during the trial period, and on the fourth day after treatment was stopped. Daily sputum volumes (ml.) were measured and daily rheological measurements were made in duplicate on specimens of sputum by the same observer. For this purpose a continuous shear method with a Ferranti-Shirley cone and plate viscometer and continuous recorder was used (Palmer et al., 1970) . From the rheograms obtained the apparent viscosity (centipoise) at a shear rate of 900 seconds' and the initial and terminal yield values (dynes/sq. cm.) were calculated. Forced expiratory spirograms were obtained at the beginning and end of the trial, and the forced vital capacity (F.V.C.), the forced expiratory volume in 1 second (F.E.V.,), and the F.E.V.1 as a percentage of the F.V.C. (F.E.V.1%) were calculated. The F.E.V., and F.V.C.
are expressed as a percentage of predicted normal value to allow for differences in age, sex, and height. Before and at the end of the trial the patients were examined by the same observer, and a final assessment was made at the end of the trial by patient and clinician whether the respiratory disability was overall better, the same, or worse.
Estimations of haemoglobin, white cell count, serum aspartate aminotransferase (S.G.O.T.), alkaline phosphatase, serum urea, and urine analysis were carried out at the beginning and end of the trial.
Results Twenty-two patients completed the trial-12 received bromhexine and 10 placebo.
Sputum Volume.-The mean daily sputum volumes are shown in Table I . It can be seen that these are much higher on the whole, especially after the third day, for those on bromhexine. During the actual treatment period the mean daily volumes were 25-3 ml. for those on the drug and 13.3 ml. for those on placebo. This difference of 12.0 ml. is significant (P<0-01), and since the patients were allocated to treatment groups at random the increase seems most likely to be due to the drug.
Rheological Measurements.-The change in apparent viscosity at a shear rate of 900 seconds'1 is given in Table II 
Discussion
This double-blind controlled clinical trial shows clearly that in a dose of 16 mg. thrice daily bromhexine in bronchitic patients increases sputum volume and reduces its viscosity and yield values. The yield value is the stress that must be applied to the material before flow starts before (initial yield value) and after shearing (terminal yield value). The fact that the drug led to a reduction of both yield values and viscosity indicates that it produces a pronounced change in the rheological properties of the sputum, which is in keeping with the suggestion that it leads to depolymerization of highmolecular-weight mucopolysaccharide fibres in the sputum. The geometric mean post-survey values for viscosity of those who had been receiving the drug was higher than those having placebo, but this difference does not reach significance levels, and it does not, we think, indicate that after a course of bromhexine the sputum viscosity may increase somewhat.
It is perhaps surprising that in spite of an increase in sputum volume and decrease in its viscosity there was no improvement in spirometry, especially as Gent et al. (1969) found improvement in ventilatory function in patients with chronic bronchitis and asthma when given bromhexine in lower dosage than we used. Their patients, however, had milder airway obstruction, and presumably the clearance of the airways of retained secretion reduced airway obstruction. Our patients, on the other hand, had much more severe airway obstruction, which was probably for the most part irreversible owing to structural change in the bronchi, and could not therefore be improved in the same way by removal of secretion. Likewise, there was no overall improvement in respiratory state as assessed by clinician and patient, probably for the same reason.
During the trial no abnormalities were present in laboratory findings apart from a slight fall in total white cell count in both groups reflecting recovery from the initial bacterial infection. The trivial rise in S.G.O.T. in two patients on the drug and one on placebo is probably not significant. It is, however, especially noteworthy that no patients complained of side-effects (the commonest are nausea and heartburn) while on the larger dose of the drug.
As a result of this trial and our subsequent clinical experience with this drug in a wide variety of patients with respiratory disease, where retention of bronchial secretion was a problem, we think it is a valuable therapeutic advance in the difficult problem of aiding expectoration in the respiratory patient.
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